This study was designed to evaluate whether the maximum thickness of subarachnoid blood is an independent prognostic marker of mortality after traumatic subarachnoid haemorrhage. Multivariate analysis showed the maximum thickness of subarachnoid blood was an independent predictor of death versus survival 1 month after injury and was inversely associated with Glasgow Coma Scale (GCS) score. Receiver operating characteristic curve analysis showed that maximum thickness of subarachnoid blood > 6.7 mm immediately after non-surgical resuscitation predicted 1-month mortality with 83.9% sensitivity and 67.1% specificity; its predictive value was similar to that of the GCS score. Addition of maximum thickness of subarachnoid blood to the GCS score did not significantly improve predictive performance. Hence, the maximum thickness of subarachnoid blood is a new independent prognostic marker of mortality and might become an additional, valuable tool for risk stratification and decision making in the acute phase of traumatic subarachnoid haemorrhage.
Introduction
Traumatic brain injury is one of the leading causes of morbidity and mortality in the world. 1 -7 Traumatic subarachnoid haemorrhage (SAH) occurs in as many as 60% of patients with traumatic brain injury, is associated with a two-fold increase in the risk of death, and is considered one of the most important negative prognostic factors in traumatic brain injury. 8 -14 The amount and location of subarachnoid blood are associated with mortality in patients with traumatic SAH. 15, 16 A previous report documented the relative importance of the thickness of subarachnoid blood in relation to its extent, but used univariate analysis rather than multivariate analysis. 17 Recently, Wong et al. 18 found that the maximum thickness of subarachnoid blood was a strong independent prognostic factor Maximum thickness of subarachnoid blood predicts mortality for death in traumatic SAH; however, posttraumatic cerebral vasospasm and cerebral infarction were not assessed. The present study investigated changes in the computed tomography (CT) patterns of traumatic SAH and assessed whether the thickness of subarachnoid blood was independently associated with mortality in a group of patients with traumatic SAH.
Patients and methods

STUDY POPULATION
Participants in the study were enrolled from among the 125 patients admitted to the Department of Neurosurgery, Shaoxing County Central Hospital between June 2007 and December 2010 with traumatic SAH, having a postresuscitation score of ≤ 8 on the modified Glasgow Coma Scale (GCS; the range of possible scores is 3 -15; a score of ≤ 8 indicates severe brain injury and ≥ 13 indicates mild brain injury). Exclusion criteria were: age < 10 years; existing previous neurological disease; head trauma; use of antiplatelet or anticoagulant medication; or the presence of previous systemic diseases, including uraemia, liver cirrhosis, malignancy, chronic heart and lung disease, diabetes mellitus, hyperlipidaemia, obesity and hypertension. Patients with severe life-threatening injury to other organs were also excluded.
Informed consent to participation in the study was obtained in writing from each patient or from a relative. The study protocol was approved by the Ethics Committee of Shaoxing County Central Hospital before implementation.
CLINICAL ASSESSMENT
Initial trauma severity was assessed with the GCS. Shock was defined as systolic blood pressure < 90 mmHg. Hypoxia was defined as blood oxygen saturation < 85%.
Hyperglycaemia was defined as blood glucose concentration > 11.1 mmol/l. Neurological deterioration was defined as occurring in patients who manifested clinically identified episodes of one or more of the following: (i) a spontaneous decrease in GCS motor score of ≥ 2 points compared with the previous examination (GCS motor scores were assessed at hourly intervals until 24 h after injury); (ii) a further loss of pupillary reactivity; (iii) development of pupillary asymmetry > 1 mm; and (iv) deterioration in neurological status sufficient to warrant immediate medical or surgical intervention. Outcome was assessed as death from traumatic brain injury or survival 1 month after SAH.
RADIOLOGICAL ASSESSMENT
All CT scans of the head were performed according to the protocol of the Department of Neuroradiology at Shaoxing County Central Hospital. A first CT scan was performed immediately after non-surgical resuscitation and scanning was repeated if neurological deterioration occurred. The investigators who examined the scans were blinded to the patient's clinical information. Focal mass lesions, midline shift > 5 mm, abnormal basal cisterns (compressed or absent cisterns), intraventricular haemorrhage, cerebral infarction and traumatic SAH were recorded. Focal mass lesions included contusion and subdural, epidural and intracerebral haematomas. Only cerebral infarction that developed after trauma was considered. Ischaemic lesions identified on the first CT scan whose density remained unchanged during the neuroradiological follow-up were considered old infarctions and were not included in the analysis. For traumatic SAH, the maximum thickness (mm) and distribution of subarachnoid blood on the axial scans were Maximum thickness of subarachnoid blood predicts mortality recorded as described in a previous report. 17 Distribution was assessed in the following seven anatomical locations: right convexity; left convexity; right sylvian fissure; left sylvian fissure; right basal cistern; left basal cistern; and interhemisphere. The traumatic SAH extent score (0 -7) represented the number of these seven anatomical locations that were occupied. Initial postresuscitation CT scans were classified using Traumatic Coma Data Bank criteria according to the method of Marshall et al. 19 According to these criteria, grades 5 and 6 are associated with an obvious mass lesion and poor outcome.
TRANSCRANIAL DOPPLER STUDY
Transcranial Doppler studies were performed using a 2 MHz pulsed transcranial Doppler device (EME Pioneer ® ; Nicolet Biomedical, Madison, WI, USA) using the method described by Aaslid et al. 20 Each patient underwent a transcranial Doppler study within 24 h after trauma and then every day for 14 days after trauma or until death. Insonation of both extracranial internal carotid arteries (via a submandibular window) and both middle cerebral arteries (via a temporal window) was performed. The depth of insonation giving the highest mean flow velocity was chosen for the measurement. Subsequent measurements used the same window and depth as employed previously. Measurements were taken from an average 15 cardiac cycles. If both of the following criteria were met, posttraumatic cerebral vasospasm was diagnosed: flow velocity of middle cerebral artery ≥ 120 cm/s; and flow velocity of middle cerebral artery/flow velocity of extracranial internal carotid artery > 3. 21, 22 No specific treatment was administered for transcranial Doppler-diagnosed cerebral vasospasm during this study.
PATIENT MANAGEMENT
Treatments included surgical therapy, ventilatory support, arterial pressure maintenance, glycaemic control, intravenous fluids, hyperosmolar agents, histamine H 2receptor blockers, early nutritional support and physical therapy. The decision to intubate and use mechanical ventilation was based on the individual's level of consciousness, their ability to protect their airway, and arterial blood gas levels. 23 Adequate intravascular volume was maintained aggressively and vasopressors were used only after volume expansion. When clinical and radiological examinations indicated that intracranial pressure was elevated, the patient was given osmotherapy in the form of intravenous mannitol, if available, sedation was deepened and hyperventilation was increased. Hyperglycaemia was strictly avoided. Intracranial mass lesions associated with midline displacement > 5 mm were surgically removed when necessary. If intracranial pressure remained high, despite maximal medical therapy or after the intracranial mass lesion was removed, decompressive craniectomy was performed as soon as possible.
STATISTICAL ANALYSES
Statistical analyses were performed with SPSS ® version 10.0 (SPSS Inc., Chicago, IL, USA) and MedCalc ® version 9.6.4.0 (MedCalc Software, Mariakerke, Belgium The relationship of the maximum thickness of subarachnoid blood with mortality at 1 month was assessed with a logistic regression model. Significant outcome predictors as determined in univariate analysis were included in a multivariate analysis. A receiver operating characteristic (ROC) curve was configured to establish the cut-off point of the maximum thickness of subarachnoid blood with optimal sensitivity and specificity for predicting 1-month mortality. A value of P < 0.05 was considered statistically significant.
Results
PATIENT CHARACTERISTICS
A total of 104 patients were enrolled in the study (76 men, 28 women) of mean age 44 years (range 12 -81 years). The median admission time was 2.3 h (range 0.7 -8.2 h) after traumatic brain injury. On admission, the median GCS score was 6 (range 3 -8). A total of 44 (42.3%) patients underwent intracranial surgery within the first 24 h after injury. Other baseline demographic, clinical and radiological data are provided in Table 1 .
MORTALITY PREDICTION
A total of 31 (29.8%) patients died from traumatic SAH within 1 month of injury. The maximum thickness of subarachnoid blood was associated with 1-month mortality (P < 0.001; Fig. 1 ) and with other variables shown in Table 1 . When the variables found to be significant in the univariate analysis were evaluated using a multivariate logistic analysis, GCS (odds ratio [OR] 0.418, 95% confidence interval [CI] 0.274 -0.724) and the maximum thickness of subarachnoid blood (OR 1.232, 95% CI 1.118 -1.431) emerged as independent predictors of 1month mortality.
MAXIMUM THICKNESS OF SUBARACHNOID BLOOD AND GCS SCORE
The maximum thickness of subarachnoid blood was significantly correlated with GCS score (P < 0.001) and with the other variables shown in Table 2 (P ≤ 0.025). When these variables were introduced into a linear regression model, the maximum thickness of subarachnoid blood remained inversely associated with GCS score (t = −6.436, r = -0.391, P < 0.001; Fig. 2 ).
MAXIMUM THICKNESS OF SUBARACHNOID BLOOD AND 1-MONTH MORTALITY
The ROC curve analysis showed that a cut-off value of maximum thickness of subarachnoid blood > 6.7 mm predicted 1month mortality with 83.9% sensitivity and 67.1% specificity (area under the curve [AUC] 0.825; 95% CI 0.738 -0.893) (Fig. 3) . The predictive value of the maximum thickness of subarachnoid blood was not statistically significantly different to that of GCS score (AUC 0.922; 95% CI 0.852 -0.965). In a combined logistic-regression model, the maximum thickness of subarachnoid blood improved the AUC of the GCS score to 0.968 (95% CI 0.914 -0.992), but the difference was also not statistically significant.
Discussion
In agreement with an earlier study, 18 the present study demonstrated that the maximum thickness of subarachnoid blood and its extent and anatomical location were significantly associated with 1-month mortality of traumatic SAH patients in a univariate analysis and that, in multivariate CJ Tu, JS Liu, DG Song et al.
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logistic regression models of predictors of death, only the maximum thickness of subarachnoid blood was an independent predictor. Furthermore, the maximum thickness of subarachnoid blood was strongly associated with clinical severity a Initial postresuscitation CT scans of the head were classified using Traumatic Coma Data Bank criteria; grades 5 and 6 are associated with an obvious mass lesion and poor outcome. b Traumatic SAH extent score is the number of anatomical locations (0 -7) occupied by SAH. Maximum thickness of subarachnoid blood predicts mortality (reflected by the GCS score) and its discriminative power (reflected in the AUC) for 1-month mortality was in a similar range to that of the GCS score in these patients. Traumatic SAH is a CT scan finding frequently found in the acute phase of brain injury and is also often observed at autopsy of patients with head trauma. 24, 25 Although not itself treated by surgery, traumatic SAH has been studied clinically by a large number of investigators as a common finding at an acute stage of head trauma since the introduction of CT scanning and is a risk factor that predicts poor outcome. 8 -14 Eisenberg et al., 11 who evaluated initial CT scans from 753 patients with severe head trauma, and Kakarieka et al., 26 who analysed data on 819 patients, also reported that traumatic SAH is a factor that predicts poor outcome. Kobayashi 27 noted that traumatic SAH, particularly around the brainstem, was a major CT scan finding in primary brain stem injury. Zimmerman et al. 28 showed the importance of traumatic SAH as evidence of shearing injuries to cerebral white matter.
The clinical evaluation of traumatic SAH is, however, controversial. Some authors have proposed classifying traumatic SAH based on the degree of SAH due to rupture of a cerebral aneurysm. The Fisher scale 29 and the Claassen scale 30 are usually used to grade SAH but the patterns of aneurysmal and traumatic SAH differ. The amount and location of subarachnoid blood are, therefore, often assessed in clinical traumatic SAH and are considered to be associated with the outcome of these patients. 15, 16 One previous report has documented the relative importance of the thickness of subarachnoid blood compared with its extent using univariate rather than multivariate analysis. 17 Recently, Wong et al. 18 found that the maximum thickness of subarachnoid blood was a strong independent prognostic factor for death in traumatic SAH; however, post-traumatic cerebral vasospasm and cerebral infarction were not assessed. The present study included post-traumatic cerebral vasospasm and cerebral infarction in multivariate logistic regression models of predictors of death, and showed that the maximum thickness of subarachnoid blood was a strong independent prognostic factor for death in patients with traumatic SAH with discriminative power (reflected by the AUC) similar to that of that of the GCS score, which is known to be a strong individual predictor of outcome.
Overall, the present results suggest that future prognostic models should not only consider the presence of traumatic SAH but also explore the predictive value of maximum thickness of subarachnoid blood as a new independent prognostic marker of mortality.
Maximum thickness of subarachnoid blood might be useful as an additional tool for risk stratification and decision making in the acute phase of traumatic SAH.
